Introduction 2
Lead is considered as one of the most toxic heavy metals [1] in the light of its environmental
3
[2] and health [3, 4] products. For these reasons, the World Health Organization has identified lead as one of the 10 7 chemicals of major public health concern [6] and has recommended a guideline value of 10 8 μg.L -1 of lead in drinking water. It is therefore necessary to quantify lead by a rapid and efficient 9 method to avoid toxic consumption.
10
Many methods are already available for lead determination such as spectrophotometry [7] , 11 voltammetry [8, 9] , graphic furnace atomic absorption spectrometry [10] , or inductively coupled 12 plasma spectroscopy [11, 12] , but they require costly and sophisticated devices and do not allow advantage is that the signal peaks are higher compared to other flow techniques, due to 22 turbulences created by pump diaphragm strokes, which improve mixing between reagents and 23 sample [15] . Recently, such MPFS systems were developed for phosphorous [16] or boron [17] 24 determination in aqueous samples.
Several units can be combined to create a flow system in full compliance with the analytical The MPFS system was operated according to the procedure in 6 steps given in ) was used for conditioning the Pb resin and washing 10 the system before analysis. Then 50 mL of acidified sample were introduced in the system (step extracted lead and at the inlet of the mixing coil, respectively (steps 4-5).
15
Measurements were based on the peak height. The analytical signal was recorded at 520 nm 16 when the elution started. Absorbance spectra were acquired every 0.5 s, with an integration 17 time of 55 ms and an average of 3 spectra. parts.
12
The results in Fig. 2 showed that more than 90% of lead was extracted with HNO3 concentration be sufficient to extract lead quantitatively and to limit the extraction rate of iron below 20%.
21
After metal extraction on the resin, a washing step can improve the selectivity by removing 22 potentially interfering metals without eluting the analyte of interest. This washing step has also 23 been studied with different HNO3 concentrations. Based on the previous results, only iron and 24 lead were studied. The washing solutions were collected and analysed by ICP-AES. As can be seen in Fig. 3 Lead elution profile has been studied by collecting small fractions (0.5 mL) of ammonium 8 oxalate used for elution with a flow rate of 5 mL.min -1 . As can be seen on (Supplementary material), elution was complete within one minute (elution rate of 99% of total 10 extracted lead after 5 mL).
11
Lead was detected by spectrophotometry using a PAR solution pumped simultaneously and 12 mixed with ammonium oxalate in the mixing coil. PAR solution was buffered with borate 13 solution at pH=12 in order to obtain a mixture at pH=9 (optimised for UV-Vis detection) when 14 mixed with ammonium oxalate which pH is around 6.6.
15
PAR reagent and ammonium oxalate flow rates were studied from 1 to 5 mL.min -1 .
16
Optimization was carried out with a standard lead solution of 100 µg.L -1 . PAR flow rate was 17 optimized using a fixed ammonium oxalate flow rate of 5 mL.min -1 and inversely. Fig. 5 The LOD was acceptable for environmental sample analysis, but sample volume can potentially 3D-printed flow system is given in Table 2 . Some of these methods require complicated or 16 expensive equipment in particular for detection step [26, 27, 29, 30] . Compared to other simpler 17 flow procedures using spectrophotometric detection [28, 31] , the proposed method has a lower 18 detection limit better suited for analysis of natural water samples. Table 3 .
2
The values obtained by the two methods were consistent. The mean difference between the two 3 methods was 5.8%, (min -11.2%; max 11.7%). The results obtained by the proposed system 4 were compared (t test) with the reference method values (ICP-AES) and no significant 5 differences at the 95% confidence level were found. (V = 30 mL at 3 mL.min-1), nitric acid at 5 mL.min -1 (V = 9 mL for conditioning step, V = 6 3 mL for washing step), ammonium oxalate at 0.1 mol.L -1 (V = 10 mL at 4 mL.min -1 ). 
